Barley plants showing yellow dwarf symptoms were found in the barley fields at Nagaoka, Niigata Prefecture in May, 1980. The causal agent was transmitted in a persistent manner by Rhopalosiphum padi to gramineous plants but neither R. maidis nor Schizaphis graminum. Cereals such as barley, wheat, rye and oat exhibited typical yellow dwarf symptoms of stunting and either yellowing or red leaf discoloration.
Introduction
In May, 1980, barley plants showing symptoms characteristic of barley yellow dwarf virus (BYDV) were found in the fields at Nagaoka, Niigata Prefecture.
Cereals showing yellow dwarf symtoms have been described at different districts in Japan11), and one of this syndrom was presumed to be caused by BYDV.
Although BYDV has been known to distribute throughout the world8), only few experimental tests have been reported so far in Japan to identify the causal agent.
Toriyama and Yora,11) successively isolated BYDV from Agropyron tsukusiense var. transiens showing yellows and oats showing red leaf symptoms.
They confirmed that their isolate was transmitted by Rhopalosiphum padi and Macrosiphum avenge-akebiae but not by R. maidis***.
However, the virus has not been widely distributed in Japan to cause serious damages on cereal yields.
As Rochow Other aphid species, Rhopalosiphum maidis and Schizaphis graminum were also maintained in the same manner. Barley plants were used for infectivity tests, and to provide the sources of infected materials for purification.
Transmission and infectivity assay. Infectivity of the concentrated preparations was estimated by a membrane-feeding method7). Inocula usually were suspended in 20% sucrose dissolved in neutral 0.01 M phosphate buffer.
Following an acquisition access period of about 20 hours at 15C, 5 aphids per plant were transferred to barley seedlings for a 5-day inoculation access period.
Aphids were then killed by fumigation with a nicotine sulfate solution, and the plants were placed in a greenhouse for at least 4 weeks.
In some transmission experiments, symptom observations were also done in a controlled environment chamber at 20C with 10,000 lux of mercuric light. Virus purification.
Entire shoots of infected barley plants were harvested, chopped into pieces about 5cm long, and stored at -20C in plastic bags until use for purification. Virus extraction from plants was done by means of Driselase (Kyowa Hakko Kogyo Co., Ltd., Japan) assisted procedure10).
Clarification and concentration procedures were followd by the modified method described previously5). Electron microscopy.
Sap from affected barley plants was examined by dip method using 2% PTA.
Each fraction from virus extraction procedures was also checked in the same manner. Fixation and embedding of leaf tissues for ultrathin sectioning were made according to a method described previously6).
Ultrathin sections were cut in a Reichert Om 4 ultra-microtome and were examined in a JEM 100B electron microscope at 80 KV.
Results

Assay for virus particles
by dip method No rods, filamentous or baciliform particles were observed in the dip preparations made from naturally infected barley leaves. 
Mechanical inoculation
To determine whether the virus is sap transmissible, naturally-infected barley plants were ground in 0,1 M phosphate buffer, pH 7.4, and then resultant juice was rubbed on Carborundum-dusted seedlings of barley. These experiments were repeated twice using 10 seedlings of barley in 1980. All attempts failed to transmit the virus by sap inoculations.
Aphid transmission
The virus isolate originally was transmitted from naturally-infected barley grown at Nagoka to barley seedlings by aphids.
Cherry oat aphids (R, padi) were collected from a yellow-dwarfed barley and transferred three times (in groups of 5) to seedlings of barley at 3-days intervals.
In the preliminary transmission experiments, all test plants developed chlorosis, yellowing of leaves, erect growth, and stunting of plants similar to those observed in the field (Plate I-A).
In addition, batches of 10 nonviruliferous R. padi that acquired the virus from infected plants for 5 days were daily transferred singly to seedlings of barley.
As shown in Table 1 , the virus was persistenly transmitted by R. ,padi. Virus-vector relationships Nymphs of R. padi, R. maidis, and S. graminum that were allowed a 5-day acquisition access period on infected barley were transferred to healthy barley seedings for a 5-day inoculation access period using 10 insects per test plant.
R. padi transmitted the virus to 90% of the test plants, but both R. maidis and S. graminum failed to transmit the virus (Table 2) .
Host range and symptomatology
Host range and symptomatology of the virus isolate was tested using various cereal plants and grasses. All twelve gramineous plants tested were susceptible (Table 3) . No symptoms, however, were developed about half of the plants tested such as rice, maize, sorghum, Japanese-millet, Job's tears and Italian ryegrass. Symptoms were usually less severe in oat than in barley plants, and mild in wheat, two-rowed barley and rye plants, (Table 3) .
In barley, leaf chlorosis appeared first on young leaves and then yellowing progressed downwards. Leaves of infected barley plants were erect and some old leaves were often serrated.
In barley the infected plants were remakably stunted.
Leaf chlorosis was also common in oat and wheat and accompanied by reddening in oat and by yellowing at the tips in wheat.
They were moderately stunted.
Purification of the virus
In preliminary experiments, the concentrated preparations from infected barley and virulif erous aphids after chloroform clarification and differential centrifugation were found to be infectious by means of aphid-feeding through membranes, but they contained only a few virus-like particles.
To investigate the presence of virus particles and infectivity, samples obtained from each step of the extraction procedure were assayed (Table 4) . Extracts from infected barley after grinding in 0.1M citrate buffer (pH 6.0), were centrifuged at 3,000 rpm and the supernatants (S1) were discarded. The sediments containing fibrous materials were suspended in 0,1M citrate buffer, pH 6.0 containing Driselase (1%,w/v) and shaken for 1-2hr at room temperature (or 28C). Then the mixtures were reground in the mortar and pestle with carborundum and centrifuged at 3,000 rpm.
The resulting supernatants (S2) were decanted and saved for further purification. The sediments were re-ground in the same manner adding small volume of 0.1 M phosphate buffer (pH 7.4) for further extraction, and centrifuged.
Such extraction process was repeated several times (S3-S7). Each resulting supernatant (S1-S7) was processed by chloroform clarification, PEG concentration and differential centrifugation. The final clarified concentrated preparations were assayed for infectivity and examined by an electron Table 4 , the preparations from S2 to S7 were infectious but preparations from S2 contained less virus-like particles than that combined S3 and S4. Electron micrographs showed that these infectious preparations contained small spherical particles about 25nm in diameter (Plate I-B).
Thermal inactivation point
The concentrated (25-fold) preparations from barley used above and extracts from viruliferous aphids (R. padi) were heated at 55-75C for 10min and used for inocula.
As shown in Table 5 , the inactivation point (10min) for the virus isolate in both partially purified preparations from plants and in crude insect extracts was between 65 and 70C.
Virus-like particles in infected plant tissues
Because of similarities of the virus islate to BYDV in aphid transmissbility and symptomatology, attempts were made to detect the virus particles in phloem tissues of the infected plants by ultrathin sections.
Some degenerated phloem cells were observed in the infected plants and electron-dense spherical particles were found in those cells (Plate IC).
These particles were restricted to sieve tubes, companion and phloem parenchymatous cells. None of such particles was seen in mesophyl and epidermal cells of the infected plants and in healthy leaves.
The particles were scattered singly or in masses within the lumen of affected cells or associated with vesicle structure.
The particles were uniform in shape and size and measured about 22 nm in diameter.
Discussion
So far in Japan, wheat yellow leaf virus (WYLV)3)
is the only aphid-borne virus known to affect cereals.
The virus, however, is transmitted in a semi-persistent manner by R. maidis. The virus investigated here appears to be similar in many respects to BYDV1,4,8, a type member of luteovirus group, but differs from previously reported viruses of barley in Japan12) in a number of ways, i.e., manner of transmission, symptomatoloty, morphology, and localization of the virus in host plant cells. 
